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MODULAR
INCINERATOR ENERGY RECOVERY SYSTEMS
THE SILOAM SPRINGS EXPERIENCE

Jim Pearson
Professor of Engineering
John Brown University
Siloam Springs, Arkansas

Abstract
The City of Siloam Springs, Arkansas has installed and is operating an 18 ton
per day solid waste disposal facility with associated energy recovery equipment.
The solid waste system serves a population of 8000 and provides steam for a
local food processing plant. Natural gas amounting to 1 MCF per ton is used
for auxiliary fuel. Energy recovery capacity is 90000 pounds of steam per day
at 100 to 150 PSIG.
1.

of $371,000 was underwritten with sanitation

INTRODUCTION

Solid waste is a resource for America!

department revenue bonds.

Our

funds were involved!

nation must dispose of'2000 pounds per person in

even financial operation of this facility.

Cities with disposal problems of 500 tons

Small

communities, throughout the nation, with solid

per day and more have initiated numerous studies

waste problems should consider modular incinera

related to energy recovery from solid waste.

tor-energy recovery systems.

Most of these projects anticipate multi-million
dollar price tags.

Collection and steam income

have, to this date, provided for nearly a break

1977 with each pound containing 5000 BTU.of ener
gy.

No state or federal

The first such

experience in America, at Siloam Springs,

Municipal officials of small

Arkansas, has proven the feasibility of such a

communities certainly would not see any hope for

system.

their communities in these plans, so the open

2.

dump is most often the disposal solution for

SYSTEM ANALYSIS

Smalltown, USA.

Previous to the year 1974, Siloam Springs operated

Siloam Springs, a community in Northwest

an open dump.

Arkansas, installed in 1975 and has operated

was unacceptable to the residents of the area and

since October, 1975, a state and EPA approved

the Arkansas Department of Pollution Control and

solid waste disposal facility with associated

Ecology finally cited the City in September of

energy recovery equipment.

1974.

This cooperative

The burning which often took place

At that time the city carried on curbside

effort between the municipality and a local food

pickup of cans twice weekly for $2 per month per

processing facility, converts energy contained

living unit.

The waste load was approximately 12
The population was approximately

in the refuse to steam for a canning operation

tons per day.

using controlled air, modular incinerators with

6000 persons.

attached heat exchangers.

The geology of Northwest, Arkansas consists of

The system serves

Siloam Springs and the nearby town of Gentry--a
total population of 8000.

A capital investment

fractured limestone formations.
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The difficulty

of preparing trenches in this type of rock, the

Three steam using industries of the community were

inadequate supply of cover dirt, and leachate

queried with regard to their interest in this

problems in the fractures make approved landfill

source of energy and the possibility of a cooper

operations difficult and expensive.

ative effort to bring it to reality.

Siloam

Allen

Springs had to find an approved and financially

Canning Company, a privately owned, Arkansas

viable method of disposal as well as improve upon

Corporation was interested.

the collection system.

quirement for 1974 was analyzed.

Waste stream analysis indicated the waste compo

erations are seasonal, a steam-use profile was

sition and analysis shown in Tables 1 and 2.

Allen's steam re
Since their op

developed to determine the average of Allen's

The

waste density is approximately 8 pounds per cubic

minimum daily consumption for those days during

foot.

which steam was used.

This analysis indicated a

design objective of 10,000 pounds of steam per
TABLE 1
AVERAGE PHYSICAL COMPOSITION
OF INCOMING RAW WASTE
PERCENTAGE BY WEIGHT (1)
COMBUSTIBLES - TOTAL
Food waste
Garden waste
Paper products
Plastics, rubber, leather
Textiles
Wood

hour for an 8 to 16 hour day.
3.

SYSTEM DESIGN

The decision was made to study the feasibility of

74.5

11.0

developing a disposal facility using incineration

3.7
48.4
10.5
.5
.4

and incorporating heat recovery.

Consumat Systems

of Richmond, Virginia, was marketing such a com
bination to some Arkansas commercial operations.
These units were based upon controlled air,

NON-COMBUSTIBLES - TOTAL
Metals
Glass, ceramics
Ash, dirt, rocks

25.5

modular incinerators which had previously been

13.2
12.1

approved by the Arkansas Department of Pollution

.2

TOTAL

Control and Ecology for some Arkansas municipal
applications.

100.0

A tentative design was developed

using two 9 ton per day incinerators with attached

TABLE 2
PROXIMATE AND ULTIMATE ANALYSIS OF
INCOMING RAW WASTE AND HEAT CONTENT
PERCENTAGE BY WEIGHT (1)

heat recovery equipment capable of supplying steam
at 9000 pounds per hour over a 10 hour day.
Economic feasibility looked good if collection

COMPOSITION OF TOTAL SAMPLE "AS RECEIVED"
Moisture
20.8
Total dry matter
79.2
TOTAL SAMPLE
IT5I570
COMPOSITION OF DRY PORTION
Non-combustib1e
Combustible
TOTAL
ANALYSIS OF COMBUSTIBLE PORTION
Carbon
~
Chloride total
Hydrogen
Nitrogen
Oxygen
Sulfur
Ash
HEAT CONTENT - BTU/LB
Dried combustible portion
"As received" waste

rates could be raised to $3 per month for twice
weekly pickup; and if Gentry, a town of 1000 north
of Siloam Springs, could be brought in to the
operation; and if a minimum annual steam income of

36.97
63.03
100.00

$20,000 could be generated.
Curbside pickup of bagged refuse was also proposed
to make the collection operation more efficient.

47.30
0.76
7.12
0.53
35.54
0.10
5.51

The bags would have to be provided by the
customer.
The critical path programming approach was applied
to the planning for the completion of the project.
The project was accepted as being feasible by the

8720
4353

Siloam Springs City Council in October of 1974.
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4.

cubic foot.

EQUIPMENT

TABLE 3
CONSUMAT C-550 SPECIFICATIONS

In 1975, 160 incinerator units were operating in
America.

Most of these were in the East and most

were large.
day.

Charging Rate
Incineration Temperature
Lower Chamber
Upper Chamber
Stack
Auxiliary Fuel

Only 41 were less than 200 tons per

They operated on the excess air principle,

used scrubbers or precipitators and produced 0.3
to 1.35 grains particulate emission.

Clearly

unacceptable!
4.1

2000 Ibs/hour
1600-1800° F.
2400° Refractory
2800° Refractory
2-4 Foot Sections
Natural Gas or #2
Fuel Oil

4.2 ENERGY RECOVERY UNIT

INCINERATOR

The controlled-air incinerator unit built by

The energy recovery unit involves a directional

Consumat Systems is a patented configuration

control apparatus for directing the hot flue gases

consisting of a horizontal cylindrical-shaped

received from the incinerator after-burner, either

distillation chamber in which the waste is

directly to the atmosphere through the main stack

volatilized by partial oxidation, an upper chamber

or through an auxiliary stack where the heat ex

in which the gases generated in the distillation

changer is located.

chamber are fully combusted, and an air inductor

of the flue gases is controlled by aerodynamic

assembly to lower the stack exit temperatures.

valving rather than by mechanical hot valving.

No auxiliary pollution control devices are re

blower is used to induce a pressure differential

quired.

which directs the flue gases.

The charge in the distillation chamber

The direction of the flow
A

In the event of

is ignited by primary burners; a small amount of

power failure or the need to turn off the blower,

under-fire air is supplied, under pressure, to

all flue gases will go up the main stack.

the distillation chamber.

heat exchanger is completely protected.

An after-burner is

The

provided in the upper chamber to preheat the

The boiler is of the fin-tube design and is

chamber and to sustain required temperatures.

physically much smaller than most waste-heat,

Additional air is forced into the upper chamber,

boilers.

Conversion efficiency approaches 70

where it is thoroughly mixed with the hot gases

percent.

The specifications of this unit are

emanating from the distillation chamber, to com

shown in Table 4.

plete the combustion process.

the boiler efficiency at the Siloam Springs plant.

See Figure 1.

Burners are automatically programmed by

The energy recovery unit is also shown in Figure

adjustable temperature controls, one each in the
lower and upper chamber.

Table 5 gives an analysis of

1.

They are dual fuel
TABLE 4
ENERGY RECOVERY SPECIFICATIONS

burners capable of burning natural gas or #2 fuel
oil.

Steam Production
Efficiency
Heat Exchangers

The Consumat incinerator is designed to interface
with an automatic loader which utilizes the ram

Pressure

principle, and to be started and programmed
automatically by the loading device.

Distance from boiler to Allen's Steam
Grid System -- 400 ft.

The specifications of this unit are shown in
Table 3. At Siloam Springs, the auxiliary fuel
consumption has been 1 MCF per ton over the past
six months, the weight reduction is 67 percent
and the volume reduction is 95 percent.

The

residue density is approximately 46 pounds per

5000 lbs/hour
701
Five Banks of Fin
Tubes
100-150 PSIG
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beginning at 6 AM.

TABLE 5
BOILER EFFICIENCY ANALYSIS - SILOAM SPRINGS (1)

completes the incineration process.

The ash is

removed from the units the next morning at 5 AM

Waste Burned ........
16,696 Pounds
Heat Potential 4353 BTU/lb
"As Received"...
72.7
Million BTU
Auxiliary Gas Consumed .
3,610 Cu.Ft.
Heat Potential
970 BTU/Cu.Ft....
3.5
Million BTU
TOTAL HEATINGPOTENTIAL

A timed bum-down period

using a rake on the bucket of the skid loader.
The loader is then used to load the ash into a
truck which hauls it to a landfill.

When proper

time has been given to bum-down the ash will be
sterile and will require only a weekly 6 inch

76.2 Million BTU

dirt cover at the landfill.

Feed Water Inlet Temperature 50°F
100 PSIG Steam Temperature
338 F
Energy to Raise 50°F
to 338°F
291 BTU/lb.
Energy to Produce Steam
338°F
881 BTU/lb.

5.3 MAINTENANCE
Maintenance of the installation has generally been
good.

The equipment designs are quite simple,

therefore, maintenance, requirements are minimal.

TOTAL ENERGY
REQUIREMENT

Some difficulty was encountered with upper chamber

1,172 BTU/lb.

Energy Requirement for
47,425 Pounds of Steam

thermocouple units, but this seems to be corrected
now.

55.5 Million BTU

Theoretical Boiler Efficiency

The hydraulic ram loading units and a steam

meter have caused some problems.

72.8%

Most down time,

however, has been the result of not initially
4.3 STACK EMISSIONS

providing for a back-up skid loader.

Stack emissions are less than 0.1 grains per

City has purchased a second loader to alleviate

standard cubic foot at 12 percent C02, there is

this situation.

Loader drivers tend to be care

less and this certainly showed up in the

no noticeable odor and smoke is at Ringleman 0.
5.

Recently the

maintenance on the first loader.

SYSTEM OPERATION

The loader

drivers were also careless when unloading ash from
5.1 SYSTEM STARTUP

the incinerator units and damaged the building

Incineration operations were begun in July of

attachments rather severely.

1975.

tion has been placed under more rigid control.

The energy recovery equipment was attached

and made operational in October of 1975.

The present opera

The improvement has been evident.

This

was just one year from the time the City Council

6. FINANCIAL ANALYSIS

determined to implement this system.
6.1 CAPITAL INVESTMENT
5.2 DAILY OPERATION
The Siloam Springs facility was financed by
Siloam Springs leases three packer trucks to a

Sanitation Department revenue bonds.

private contractor who collects residential,

issue was in the amount of $450,000 with a 16 year

commercial and industrial waste in Siloam Springs

maturity at an interest rate of 5.89%.

and Gentry.

sale was held February 4, 1975.

This waste plus special hauls by

The bond
The bond

The capital in

some industries and by another private hauler

vestment is itemized in Table 5 and includes some

are dumped on the tipping floor of a 60 by 70

department expenditure in addition to the $450,000

foot metal building.

bond money.

The present loading is

approximately 18 tons per day.

A skid loader

moves the refuse into the ram loading units.
Figure 2 is a diagram of the disposal-energy
recovery facility.
Charging is carried on over a 10 hour period
649

TABLE 6
MONTHLY INCOME - EXPENSE

TABLE 5
CAPITAL INVESTMENT
Building, road, fence,
utilities
Incinerators and
loaders (2)

146.000

Energy recovery units (2)

107.000 ^

Commercial containers

20,000

Vehicles (Packer truck,
loader)

26,000

Trench burner for bulky
combustibles

19,000

Interest (first year)
and fees
Contingency

MONTHLY INCOME
Collection
Disposal Charges
Steam sale
TOTAL

$118,000
$371,000

$14,177
70
800
$15,047

MONTHLY EXPENSE
Collection contract
Plant operation and
maintenance contract
Rolling stock maintenance
and insurance
Utilities
Overtime
Plant improvements
Billing
Ash removal
Debt retirement
TOTAL

21,000
14,000
$471,000

$ 7,089
3,909
557
709
300
630
45
250
2,700
$16,189

Using the $371,000 plus an investment of $14,000

The total monthly expense for operation and

in two skid loaders gives a total capital

maintenance of the disposal-energy recovery

investment of $385,000 for 18 tons per day

facility is $9,100.

disposal capacity--$21,389 per ton.

approximately 414 tons.

Straight

Monthly disposal has been
Disposal cost is there

line depreciation using 20 years for the building,

fore ($9,100/414 tons) $21.98/ton.

etc.; 15 years for the incinerator-energy re

includes debt service.

This figure

covery equipment; and 5 years for the skid
loaders yields $25,567 per year.

Steam sale during this period has been only about

The average

40 percent of what was expected.

annual payment to retire the $450,000 bond issue

account for this.

is about $40,000.

Two factors

First, the steam meter has not

been operating accurately and may account for 20
6.2 SOLID WASTE SYSTEM INCOME VS. EXPENSE

percent of the lost revenue.

The present monthly income-expense picture for

has experienced an unusual amount of down time

Second, Allen's

the Siloam Springs solid waste system is shown

during this period.

in Table 6. These are averages for the first

minimum steam purchase of $1,667 per month.

Allen's contracted for a

nine months of 1976.

of-year adjustment on this contract will help to

End-

balance income and expenses.
An energy contract with Allen's establishes the
monthly price of steam.
the price of natural gas.

This price is tied to
For gas at $1.00 per

MCF, steam is $1.21 per 1000 pounds.
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7.

8.

CONCLUSIONS

If this system were compared to a direct fired

REFERENCES
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boiler operating at 70 percent efficiency,
approximately 1400 cubic feet of natural gas
could be conserved for every 1000 pounds of steam
produced.

To say this another way, the natural

gas conservation possible with the Siloam Springs,
refuse fueled, heat recovery system would supply
the human need fuel to approximately 200 homes
annually.
This system provides two particular advantages to
the cooperating steam user:
(1) Steam at less cost.
(2) An alternate fuel in a time of potential
curtailment of natural gas to industry.
The Public Service Commission in Arkansas has
placed these plants in the human need category
with respect to natural gas curtailment.

BIOGRAPHY
The Siloam Springs experience has shown that the
modular incinerator-energy recovery system is a

Jim Pearson is a professor and Chairman of the

viable solution for the solid waste problems of

Division of Engineering at John Brown University

smaller communities. In larger communities,
multiple units in one plant or plants in

in Siloam Springs, Arkansas.

different sectors of the community, each with a

a result of being chairman of the sanitation

cooperating industry could be the solution.

committee of the Siloam Springs City Council.

Dr. Pearson's

interest in solid waste management came about as

A

SO ton per day plant is now operating in

Pearson received the BEE degree from the

Blytheville, Arkansas.

University of Minnesota in 19S6, an MS in

is Textron Inc.

The cooperating industry

Dr.

mathematics in 1962 and a Ph.D. in control

An 80 ton per day plant' is now

under construction in North Little Rock, Arkansas.

systems in 1972 from the University of Arkansas.

The cooperating industry there is the Koppers
Company.

He has worked for the IBM Corporation and the 3M
Company as well as doing consulting work in
systems engineering.

The Siloam Springs plant has also been used in a
successful railroad tie burning experiment car
ried out in cooperation with the Koppers Company
and to bum on one occasion over 6 tons of
confiscated marijuana.
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FIGURE 1
CONSUMAT INCINERATOR - ENERGY RECOVERY SYSTEM (1,2)
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FIGURE 2
DISPOSAL - ENERGY RECOVERY FACILITY (1)
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